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DYNAMIC RANDOM ACCESS MEMORY
CELL WITH SELF-ALIGNED STRAP

BACKGROUND

The present disclosure relates to a semiconductor struc-
ture, and particularly to a dynamic random access memory
(DRAM) cell including a finFET access transistor and a
method of manufacturing the same.

Trench capacitors are used 1n a variety of semiconductor
chups for high areal capacitance and low device leakage.
Typically, a trench capacitor provides a capacitance 1n the
range from 4 1F (femto-Farad) to 120 {F. A trench capacitor
may be employed as a charge storage unit 1n a dynamic
random access memory (DRAM), which may be provided as
a stand-alone semiconductor chip, or may be embedded 1n a
system-on-chip (SoC) semiconductor chip. A trench capaci-
tor may also be employed 1n a variety of circuit applications
such as a charge pump or a capacitive analog component 1n
a radio-frequency (RF) circuit.

The mner electrode of each trench capacitor needs to be
clectrically connected to a source region of an access tran-
sistor. Electrical 1solation of each conductive strap providing
an electrical path between the inner electrode of a trench
capacitor and an access transistor 1s diflicult because mis-
alignment of the conductive strap can cause electrical shorts
between the inner electrode and neighboring conductive
components of semiconductor devices.

SUMMARY

After formation of trench capacitors and source and drain
regions and gate structures for access transistors, a dielectric
spacer 1s formed on a first sidewall of each source region,
while a second sidewall of each source region and sidewalls
of drain regions are physically exposed. Each dielectric
spacer can be employed as an etch mask during removal of
trench top dielectric portions to form strap cavities for
forming strap structures. Optionally, selective deposition of
a semiconductor material can be performed to form raised
source and drain regions. In this case, the raised source
regions grow only from the first sidewalls and do not grow
from the second sidewalls. The raised source regions can be
employed as a part of an etch mask during formation of the
strap cavities. The strap structures are formed as self-aligned
structures that are electrically 1solated from adjacent access
transistors by the dielectric spacers.

According to an aspect of the present disclosure, a semi-
conductor structure mncludes a semiconductor fin located on
a substrate and including a source region therein. A dielectric
material portion contacts a first sidewall of the source
region. A raised source region contacts a second sidewall of
the source region. The semiconductor structure further
includes a trench capacitor located within the substrate, and
a conductive strap structure contacting an inner electrode of
the trench capacitor and the raised source region.

According to another aspect of the present disclosure, a
method of forming a semiconductor structure 1s provided. A
trench capacitor 1s formed 1n a substrate. A semiconductor
fin including a source region and a drain region 1s formed on
the substrate. A dielectric material portion contacts a first
sidewall of the source region. A second sidewall of the
source region 1s physically exposed after formation of the
dielectric material portion. A raised source region 1s formed
on the second sidewall of the source region. A conductive
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strap structure 1s formed on an inner electrode of the trench
capacitor and on a sidewall of the raised source region.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FIG. 1 1s a vertical cross-sectional view of a first exem-
plary semiconductor structure according to a first embodi-
ment of the present disclosure.

FIG. 2A 1s a top-down view ol the first exemplary
semiconductor structure after formation of semiconductor
fins according to the first embodiment of the present disclo-
sure.

FIG. 2B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 2A.

FIG. 3A 1s a top-down view of the first exemplary
semiconductor structure after formation of a shallow trench
1solation structure layer and a hard mask layer according to
the first embodiment of the present disclosure.

FIG. 3B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 3A.

FIG. 4A 1s a top-down view of the first exemplary
semiconductor structure after formation of trenches accord-
ing to the first embodiment of the present disclosure.

FIG. 4B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 4A.

FIG. 5A 1s a top-down view of the first exemplary
semiconductor structure after formation of trench capacitors
according to the first embodiment of the present disclosure.

FIG. 5B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. SA.

FIG. 6A 1s a top-down view ol the first exemplary
semiconductor structure aiter formation of trench top dielec-
tric portions according to the first embodiment of the present
disclosure.

FIG. 6B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 6A.

FIG. 7A 1s a top-down view of the first exemplary
semiconductor structure after removal of the hard mask
layer and recessing of the shallow trench 1solation layer and
the trench top dielectric portions according to the first
embodiment of the present disclosure.

FIG. 7B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 7A.

FIG. 8A 1s a top-down view of the first exemplary
semiconductor structure after formation of gate structures,
source regions, drain regions, and gate spacers according to
the first embodiment of the present disclosure.

FIG. 8B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 8A.

FIG. 8C 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
C-C' of FIG. 8A.

FIG. 9A 1s a top-down view ol the first exemplary
semiconductor structure after formation of a patterned mask
layer according to the first embodiment of the present
disclosure.

FIG. 9B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane

B-B' of FIG. 9A.



US 9,735,162 B2

3

FIG. 9C 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane

C-C' of FIG. 9A.

FIG. 9D 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane

D-D' of FIG. 9A.

FIG. 10A 1s a top-down view of the first exemplary
semiconductor structure after formation of a dielectric mate-

rial portion employing a gas cluster 1on beam deposition
process according to the first embodiment of the present
disclosure.

FIG. 10B 1s a vertical cross-sectional view of the first

exemplary semiconductor structure along the vertical plane
B-B' of FIG. 10A.

FIG. 10C 1s a vertical cross-sectional view of the first

exemplary semiconductor structure along the vertical plane
C-C' of FIG. 10A.

FIG. 10D 1s a vertical cross-sectional view of the first

exemplary semiconductor structure along the vertical plane
D-D' of FIG. 10A.

FIG. 11A 1s a top-down view of the first exemplary
semiconductor structure after formation of raised active
regions according to the first embodiment of the present
disclosure.

FIG. 11B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 11A.

FIG. 11C 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
C-C' of FIG. 11A.

FIG. 11D 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
D-D' of FIG. 11A.

FIG. 12A 1s a top-down view of the first exemplary
semiconductor structure after forming a planarization
dielectric layer according to the first embodiment of the
present disclosure.

FIG. 12B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 12A.

FIG. 12C 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
C-C' of FIG. 12A.

FIG. 12D 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
D-D' of FIG. 12A.

FIG. 13A 1s a top-down view of the first exemplary
semiconductor structure after formation of line cavities and
strap cavities according to the first embodiment of the
present disclosure.

FIG. 13B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 13A.

FIG. 13C 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
C-C' of FIG. 13A.

FIG. 13D 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane
D-D' of FIG. 13A.

FIG. 14A 1s a top-down view of the first exemplary
semiconductor structure after formation of conductive strap
structures according to the first embodiment of the present
disclosure.

FIG. 14B 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane

B-B' of FIG. 14A.
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FIG. 14C 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane

C-C' of FIG. 14A.

FIG. 14D 1s a vertical cross-sectional view of the first
exemplary semiconductor structure along the vertical plane

D-D' of FIG. 14A.

FIG. 15A 1s a top-down view of the first exemplary
semiconductor structure after formation of line cavity fill
dielectric portions and drain contact via structures according

to the first embodiment of the present disclosure.
FIG. 15B 1s a vertical cross-sectional view of the variation

of the first exemplary semiconductor structure along the
vertical plane B-B' of FIG. 15A.
FIG. 15C 1s a vertical cross-sectional view of the variation

of the first exemplary semiconductor structure along the
vertical plane C-C' of FIG. 15A.
FIG. 15D 1s a vertical cross-sectional view of the variation

of the first exemplary semiconductor structure along the
vertical plane D-D' of FIG. 15A.

FIG. 16A 1s a top-down view ol a second exemplary
semiconductor structure after formation of a dielectric
spacer according to a second embodiment of the present
disclosure.

FIG. 16B 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane B-B' of FIG. 16A.

FIG. 16C 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane C-C' of FIG. 16A.

FIG. 16D 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane D-D' of FIG. 16A.

FIG. 17A 1s a top-down view of the second exemplary
semiconductor structure during an ion 1mplantation that
introduces structural damages to unmasked portions of the
dielectric spacer according to the second embodiment of the
present disclosure.

FIG. 17B 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane B-B' of FIG. 17A.

FIG. 17C 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane C-C' of FIG. 17A.

FIG. 17D 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane D-D' of FIG. 17A.

FIG. 18A 1s a top-down view of the second exemplary
semiconductor structure after removal of physically dam-
aged portions of the dielectric spacer according to the
second embodiment of the present disclosure.

FIG. 18B 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane B-B' of FIG. 18A.

FIG. 18C 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane C-C' of FIG. 18A.

FIG. 18D 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane D-D' of FIG. 18A.

FIG. 19A 1s a top-down view of the second exemplary
semiconductor structure after formation of raised active
regions according to the second embodiment of the present
disclosure.

FIG. 19B 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the

vertical plane B-B' of FIG. 19A.




US 9,735,162 B2

S

FI1G. 19C 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the

vertical plane C-C' of FIG. 19A.

FIG. 19D 1s a vertical cross-sectional view of the variation
of the second exemplary semiconductor structure along the
vertical plane D-D' of FIG. 19A.

FIG. 20A 1s a top-down view of the second exemplary
semiconductor structure after formation of a planarization
dielectric layer and various contact via structures according
to the second embodiment of the present disclosure.

FIG. 20B 1s a vertical cross-sectional view of the second
exemplary semiconductor structure along the vertical plane
B-B' of FIG. 20A.

FIG. 20C 1s a vertical cross-sectional view of the second
exemplary semiconductor structure along the vertical plane
C-C' of FIG. 20A.

FIG. 20D 1s a vertical cross-sectional view of the second

exemplary semiconductor structure along the vertical plane
D-D' of FIG. 20A.

DETAILED DESCRIPTION

As stated above, the present disclosure relates to a
dynamic random access memory (DRAM) cell including a
finFET access transistor and a method of manufacturing the
same. These aspects of the present disclosure are now
described 1n detail with accompanying figures. It 1s noted
that like reference numerals refer to like elements across
different embodiments. The drawings are not necessarily
drawn to scale.

Referring to FIG. 1, a first exemplary semiconductor
structure according to a first embodiment of the present
disclosure includes a semiconductor substrate 10', which can
be a bulk semiconductor substrate. The semiconductor sub-
strate includes a semiconductor material, which can be
selected from elemental semiconductor materials (e.g., sili-
con, germanium, carbon, or alloys thereotf), I11I-V semicon-
ductor materials, or II-VI semiconductor materials. In one
embodiment, the semiconductor substrate can include a
single crystalline semiconductor matenal.

Referring to FIGS. 2A and 2B, an upper portion of the
semiconductor substrate 10' can be patterned, by a combi-
nation of lithographic methods and an anisotropic etch, to
form a plurality of semiconductor fins 30. For example, a
photoresist layer 37 can be applied over the top surface of
the semiconductor substrate 10" and lithographically pat-
terned to mask portions of the semiconductor substrate 10" in
which the plurality of semiconductor fins 30 1s subsequently
formed. The pattern in the photoresist layer 37 can be
transierred into the upper portion of the semiconductor
substrate 10' to form the plurality of semiconductor fins 30.
The remaining portion of the semiconductor substrate 10
underlying the plurality of semiconductor fins 30 1s herein
referred to as a semiconductor material layer 10. The semi-
conductor material layer 10 functions as a substrate
mechanically supporting the plurality of semiconductor fins
30. The plurality of semiconductor fins 30 and the semicon-
ductor matenal layer 10 collectively constitute a contiguous
semiconductor material portion. In one embodiment, the
entirety of the contiguous semiconductor material portion
can be single crystalline.

The height of the semiconductor fins 30 can be from 5 nm
to 1,000 nm, although lesser and greater heights can also be
employed. The plurality of semiconductor fins 30 and the
semiconductor material layer 10 can be doped with electrical
dopants, 1.e., p-type dopants or n-type dopants, or can be
intrinsic. In one embodiment, the entirety of the plurality of
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semiconductor fins 30 and the semiconductor maternial layer
10 can have a same type of doping, which 1s herein referred
to as a first conductivity type.

As used herein, a “semiconductor fin” refers to a semi-
conductor material portion having a pair of parallel vertical
sidewalls that are laterally spaced by a uniform dimension.
In one embodiment, each semiconductor fin can have a
rectangular horizontal cross-sectional area such that the
spacing between the pair of parallel vertical sidewalls 1s the
same as the length of shorter sides of the shape of the
rectangular horizontal cross-sectional area. As used herein,
a “fin field eflect transistor” refers to a field eflect transistor
in which at least a channel region 1s located within a
semiconductor fin.

Each semiconductor fin 30 1s laterally bound by a pair of
lengthwise sidewalls and a pair of widthwise sidewalls. As
used herein, a “lengthwise direction” of an element refers to
a direction about which the moment of 1nertia of the element
becomes a minimum. As used herein, a “lengthwise side-
wall” of an element refers to a sidewall of an element that
extends along the lengthwise direction of the element. As
used herein, a “widthwise sidewall” of an element refers to
a sidewall of the element that extends along a horizontal
direction that 1s perpendicular to the lengthwise direction of
the element. In one embodiment, each of the plurality of
semiconductor fins 30 can have a rectangular horizontal
cross-sectional shape.

In one embodiment, lengthwise sidewalls of multiple
semiconductor fins 30 within a same row can be within a
pair of vertical planes laterally spaced from each other by the
width of a semiconductor fin 30. In one embodiment,
widthwise sidewalls of multiple semiconductors within a
same column can be within a pair of vertical planes laterally
spaced from each other by the length of a semiconductor {in
30. In one embodiment, the plurality of semiconductor fins
30 can be within a two-dimensional array having a first pitch
along the lengthwise direction of the semiconductor fins 30
and a second pitch along the lengthwise direction of the
semiconductor fins.

Referring to FIGS. 3A and 3B, a shallow trench 1solation
layer 20 1s formed among the plurality of semiconductor fins
30. The shallow trench 1solation layer 20 includes a dielec-
tric material such as silicon oxide. The shallow trench
1solation layer 20 can be formed by depositing a dielectric
material over the semiconductor fins 30 and the semicon-
ductor material layer 10. The deposition of the dielectric
material can be performed, for example, by chemical vapor
deposition or spin coating. Excess portions of the deposited
dielectric material can be removed from above the top
surfaces of the semiconductor fins 30, for example, by
planarization (such as chemical mechanical planarization
(CMP)). The shallow trench 1solation layer 30 laterally
surrounds the plurality of semiconductor fins 30. The top
surface of the shallow trench 1solation layer 30 can be
coplanar with the top surfaces of the plurality of semicon-
ductor fins 30.

A hard mask layer 36 can be deposited over the shallow
trench 1solation layer 20, for example, by chemical vapor
deposition (CVD). The hard mask layer 36 can include one
or more layers that can be employed as an etch mask for
forming trenches 11 in the semiconductor material layer 10.
In one embodiment, the hard mask layer 36 can include a
dielectric material such as a doped or undoped silicon oxide,
silicon nitride, a dielectric metal nitride, or a dielectric metal
oxide. The thickness of the hard mask layer 36 can be from
100 nm to 2,000 nm, although lesser and greater thicknesses
can also be employed.
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Referring to FIGS. 4A and 4B, a photoresist layer (not
shown) can be applied over the hard mask layer 36, and can
be lithographically patterned to form openings correspond-
ing to the areas of trenches 11 to be subsequently formed.
The pattern 1n the photoresist layer can be transferred into
the hard mask layer 36. Subsequently, the pattern in the hard
mask layer 36 can be transferred through the shallow trench
1solation layer 20 and an upper portion of the semiconductor
material layer 10 by an anisotropic etch that employs the
hard mask layer 36 as an etch mask. A trench 11 can be
formed for each opening 1n the hard mask layer 36. The
photoresist can be removed by ashing, or can be consumed
during the etch process that forms the trenches 11.

In one embodiment, the locations of the openings in the
photoresist layer and the hard mask layer 36 can be selected
such that entire periphery of each trench 11 can be formed
between a first vertical plane including a proximal length-
wise sidewall of a first semiconductor fin 30 within a
neighboring pair of the semiconductor fins 30 and a second
vertical plane including a proximal lengthwise sidewall of a
second semiconductor fin within the neighboring pair of the
semiconductor fins 30. Within the neighboring pair of the
semiconductor fins 30, the first semiconductor fin and the
second semiconductor fin are laterally spaced from each
other by the widthwise direction of the semiconductor fins
30, 1.e., along the horizontal direction perpendicular to the
lengthwise direction of each semiconductor fin 30. Further,
the entire periphery of each trench 11 can be formed between
a pair ol vertical planes mcluding two widthwise sidewalls
of the first semiconductor fin, which can also include two
widthwise sidewalls of the second semiconductor fin.

The sidewalls of each trench 11 can be substantially
vertically coimncident among the various layers (36, 20, 10)
through which the trench 11 extends. As used herein, side-
walls of multiple elements are “vertically coincident™ 11 the
sidewalls of the multiple elements overlap 1 a top-down
view s. As used herein, sidewalls of multiple elements are
“substantially vertically coincident” if the lateral offset of
the sidewalls of the multiple elements from a perfectly
vertical surface 1s within three times the root mean square of
surface roughness of sidewalls of each element.

The depth of each trench 11 as measured from the plane
of the topmost surface of the semiconductor fins 30 to the
bottom surface of the trench 11 can be from 500 nm to 10
microns, although lesser and greater depths can also be
employed. In one embodiment, the trenches 11 can be deep
trenches. As used herein, a “deep trench”™ refers to a trench
that having a depth greater than 2.0 microns, which 1s the
maximum depth for 1on implantation as known 1n the art.
The lateral dimensions of each trench 11 can be limited by
the lithographic capabilities, 1.e., the ability of a lithographic
tool to print the 1mage of an opening on the photoresist layer.

Referring to FIGS. 5A and 5B, a buried plate 12 can be
formed by doping a portion of the semiconductor material
layer 10 in proximity of sidewalls of each trench 11. Dopants
can be itroduced, for example, by outdiffusion from a
dopant-including disposable material (such as a doped sili-
cate glass) or by 1on implantation as known in the art.
Further, any other method of forming a buried plate 12 1n the
semiconductor material layer 10 of the semiconductor mate-
rial layer 10 can be employed 1n lieu of outdiflusion from a
dopant-including disposable material or 10on 1implantation.

In one embodiment, the buried plate 12 can be doped with
dopants of a second conductivity type which is the opposite
of the first conductivity type. For example, the first conduc-
tivity type can be p-type and the second conductivity type
can be n-type, or vice versa. A p-n junction 1s formed
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between the remaining portion of the semiconductor mate-
rial layer 10 and the burnied plate 12. The dopant concen-
tration 1n the buried plate 12 can be, for example, from
1.0x10"%/cm” to 2.0x10°'/cm?, and typically from 5.0x10"'%/
cm® to 5.0x10'"/cm’, although lesser and greater dopant
concentrations can also be employed.

A node dielectric 42 can be deposited conformally on all
physically exposed sidewalls in each trench 11 and on the
top surface of the hard mask layer 36. The node dielectric 42
can include any dielectric material that can be employed as
a node dielectric material 1n a capacitor known in the art. For
example, the node dielectric 42 can include at least one of
silicon nitride and a dielectric metal oxide material such as
high dielectric constant (high-k) gate dielectric material as
known 1n the art.

A conductive material can be deposited to completely fill
cach trench 11. The conductive material can be a metallic
material or a doped semiconductor material. The metallic
material can be an elemental metal such as W, 11, Ta, Cu, or
Al, or an ally of at least two elemental metals, or a
conductive metallic nitride of at least one metal, or a
conductive metallic oxide of at least one metal. The doped
semiconductor material can be a doped elemental semicon-
ductor material, a doped compound semiconductor materal,
or an alloy thereof. The conductive material can be depos-
ited by physical vapor deposition (PVD), chemical vapor
deposition (CVD), electroplating, electroless plating, or a
combination thereof. The conductive matenal 1s deposited to
a thickness that 1s sufhicient to {ill each trench 11 completely.

Excess portions of the conductive material can be
removed from above the top surface of the hard mask layer
36, for example, by chemical mechanical planarization.
Subsequently, the conductive material can be vertically
recessed to a level between the top surface of the shallow
trench 1solation layer 20 and the bottom surface of the
shallow trench i1solation layer 20 by a recess etch. The recess
ctch of the conductive material layer can employ an aniso-
tropic etch such as a reactive 1on etch, an 1sotropic etch such
as a wet etch, or a combination thereof. The recess etch can
be selective to the material of the node dielectric 42.

An 1nner electrode 44 including the conductive material 1s
formed 1n each trench 11. The topmost surface of the inner
clectrode 44 1s substantially planar, and 1s located between
the level of the top surface of the shallow trench 1solation
layer 20 and the level of the bottom surface of the shallow
trench 1solation layer 20. A surface 1s substantially planar i
the planarity of the surface 1s limited by microscopic varia-
tions 1n surface height that accompanies semiconductor
processing steps known in the art. A cavity 45 1s formed
above the mner electrode 44.

The physically exposed portions of the node dielectrics 42
can be patterned by an etch, which can be a wet etch. For
example, 1f the node dielectrics 42 include silicon nitride,
the physically exposed portions of the node dielectric 42 can
be removed by a wet etch employing hot phosphoric acid.
Each remaining portion of the node dielectric 42 within each
trench 11 constitutes a node dielectric 42. Each adjoined set
of a buried plate 12, a node dielectric 42, and an inner
clectrode 44 constitute a trench capacitor (12, 42, 44). Each
buried plate 12 1s an outer node of the trench capacitor, the
node dielectric 42 1s the dielectric separating the outer
electrode from the inner electrode, and the inner electrode 44
1s the inner electrode of the trench capacitor. The trench
capacitor 1s embedded within the combination of the semi-
conductor material layer 10 and the shallow trench 1solation
layer 20. The shallow trench isolation layer 20 overlies the
buried plate 12 (1.e., the outer electrode).
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The entirety of each node dielectric 42 can be formed
within the substrate including the semiconductor material
layer 10, the bunied plates 12, and the shallow trench
1solation layer 20. The entirety of each node dielectric 42 can
be formed between a first vertical plane VP1 including a
proximal lengthwise sidewall of a first semiconductor fin
within a neighboring pair of semiconductor fins 30 and a
second vertical plane VP2 including a proximal lengthwise
sidewall of a second semiconductor {in within the neighbor-
ing pair of the semiconductor fins 30. The semiconductor
fins 1n the neighboring pair of semiconductor fins 30 are
laterally separated from each other along a direction per-
pendicular to the lengthwise direction of the semiconductor
fins 30. Further, the entirety of each node dielectric 42 can
be formed between a pair of vertical planes VW 1including
two widthwise sidewalls of the first semiconductor fin. In
one embodiment, the pair of vertical planes including the
two widthwise sidewalls of the first semiconductor fin can
also 1nclude two widthwise sidewalls of the second semi-
conductor fin.

Referring to FIGS. 6 A and 6B, a dielectric maternial can be
deposited within the cavity 45, and can be subsequently
planarized employing the hard mask layer 36 as a stopping
layer to remove excess portions of the deposited dielectric
material from above the top surface of the hard mask layer
36. The remaining portion of the deposited dielectric mate-
rial can be recessed relative to the top surface of the hard
mask layer 36 by a recess etch to a height about the top
surface of the shallow trench 1solation layer 20 to form a
trench top dielectric portion 46 within each trench. The
dielectric material of the trench top dielectric portion 46 can
be different from the dielectric material of the hard mask
layer 36. For example, the dielectric material of the hard
mask layer 36 can be silicon nitride, and dielectric material
of the trench top dielectric portion 46 can be silicon oxide.
The dielectric matenal of the trench top dielectric portion 46
can be deposited, for example, by chemical vapor deposition
(CVD).

Each trench top dielectric portion 46 can be formed 1n a
region laterally bounded by the first vertical plane VP1
including the proximal lengthwise sidewall of the first
semiconductor fin within a neighboring pair of semiconduc-
tor fins 30 and a second vertical plane VP2 including the
proximal lengthwise sidewall of a second semiconductor fin
within the neighboring pair of the semiconductor fins 30.
Further, the entirety of each trench top dielectric portion 46
can be formed between the pair of vertical planes VW

including two widthwise sidewalls of a semiconductor fin
30.

Referring to FIGS. 7A and 7B, the hard mask layer 36 can
be removed, for example, by a wet etch selective to the
trench top dielectric portion 46 and the shallow trench
isolation layer 20. In one embodiment, the hard mask layer
36 can include silicon nitride, the trench top dielectric
portion 46 and the shallow trench 1solation layer 20 include
silicon oxide, and the removal of the hard mask layer 36
selective to the trench top dielectric portion 46 and the
shallow trench 1solation layer 20 can be eflected by a wet
ctch employing hot phosphoric acid.

The shallow trench 1solation layer 20 and the trench top
dielectric portions 46 are recessed relative to the top surfaces
of the semiconductor fins 30. An etch process that 1is
selective to the semiconductor material of the semiconductor
fins 30 can be employed to recess the shallow trench
isolation layer 20 and the trench top dielectric portions 46.
For example, 1f the shallow trench 1solation layer 20 and the
trench top dielectric portion 46 include silicon oxide, a wet
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etch employing hydrofluoric acid can be employed to recess
the shallow trench isolation layer 20 and the trench top
dielectric portions 46. Surfaces of an upper portion of each
semiconductor fin 30 are physically exposed.

Referring to FIGS. 8 A-8C, a stack of gate level layers can
be deposited and lithographically patterned to form gate
structures (30, 52, 58). The gate level layers can include, for
example, a gate dielectric layer, a gate material layer, and a
gate cap layer. The gate dielectric layer can be a disposable
dielectric material that 1s removed 1n field eflect transistors
to be formed, or can include a non-disposable dielectric
material that remains permanently 1n field eflect transistors
to be formed. The gate material layer can include a dispos-
able material that 1s removed 1n field effect transistors to be
formed, or can include a non-disposable conductive material
that remains permanently in field effect transistors to be
formed. The gate cap layer includes a dielectric material
such as silicon nitride or a dielectric nitride.

The gate dielectric layer can be formed by conversion of

surface portions of a semiconductor material (e.g., the
semiconductor material of the semiconductor fins 30; See
FIGS. 7A and 7B), deposition of a dielectric matenal, or a
combination thereof. The gate dielectric layer can include a
dielectric semiconductor-containing compound (e.g., silicon
oxide, silicon nitride, and/or silicon oxynitride) and/or a
dielectric metal compound (e.g., dielectric metal oxide,
dielectric metal nitride, and/or dielectric metal oxynitride).

If the gate fill layer includes a non-disposable conductive
matenal, the gate material layer can include a doped semi-
conductor material and/or a metallic material. The gate fill
layer can optionally include a work function metal layer that
tunes the threshold voltage of the access transistor to be
formed.

The gate level layers can be patterned by a combination
of Iithography and etch to form the gate structures (350, 52,
58). The gate structures (50, 52, 38) straddle the portions of
the semiconductor fins 30 that become body regions of field
ellect transistors.

Each remaining portion of the gate dielectric layer within
a gate structure (50, 52, 58) constitutes a gate dielectric 50.
Each remaining portion of the gate fill layer within a gate
structure (30, 52, 58) constitutes a gate fill structure 52. Each
remaining portion of the gate cap layer within a gate
structure (50, 52, 58) constitutes a gate cap dielectric 58.

Portions of the semiconductor fins 30 that underlie the
gate structures (350, 52, 58) correspond to the body regions
of access field eflect transistors to be subsequently formed
for the trench capacitors (12, 42, 44). The gate structures
(50, 52, 58) can extend along the general direction of the
widthwise direction of the plurality of semiconductor fins
30. While the present disclosure 1s described employing gate
structures (30, 52, 58) extending along the direction perpen-
dicular to the lengthwise direction of the semiconductor fins
30, embodiments in which wiggles are introduced within the
gate structures (50, 52, 58) are expressly contemplated
herein.

In one embodiment, the gate structures (50, 52, 38) are
disposable gate structures that are subsequently replaced
with other gate structures, which are herein referred to as
replacement gate structures. In this case, the disposable gate
structures include disposable materials, which are herein
referred to as disposable gate materials, 1.e., disposable
materials formed within gate-level structures.

In one embodiment, the gate structures (30, 52, 58) are
permanent gate structures that are present in field effect
transistors and function as a combination of a gate dielectric
and a gate electrode. In this case, the gate dielectric can
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include any gate dielectric maternial that can be employed 1n
gate-first integration schemes, 1.e., non-replacement gate
integration schemes. Fach gate fill structure 52 includes a
conductive material and constitutes a gate electrode that 1s
functional, 1.e., capable of turming on or off field eflect
transistors.

Source regions 3S and drain regions 3D can be formed by
implanting dopants of the opposite conductivity type of the
first conductivity type. The gate structures (50, 52, 58) can
be employed as mask structures during the 1on implantation
that forms the source regions 3S and the drain regions 3D.
Unimplanted portions of the semiconductor fins 30 consti-
tute body regions 3B.

Gate spacers 59 can be formed by depositing a conformal
dielectric layer and anisotropically etching the conformal
dielectric layer. In one embodiment, the conformal dielectric
layer can include a dielectric material different from the
dielectric material of the shallow trench 1solation layer 20.
For example, the conformal dielectric layer can include
silicon nmitride. The etch process that removes horizontal
portions of the conformal dielectric layer can be prolonged
alter horizontal portions of the conformal dielectric layer are
removed so that vertical portions of the conformal dielectric
layer on sidewalls of the semiconductor fins (35S, 3D, 3B) are
removed. Each remaiming portion of the conformal dielectric
layer around a gate structure (50, 52, 58) 1s a gate spacer 59.
Each gate spacer 59 laterally surrounds a gate structure (50,
52, 58).

Optionally, dopants of the second conductivity type can
be implanted into the source regions 3S and the drain regions
3D of the semiconductor fins (35, 3D, 3B) employing the
combination of the gate structures (50, 52, 58) and the gate
spacers 39 as an implantation mask.

Referring to FIGS. 9A-9D, a patterned mask layer 67 1s
tformed over the first exemplary semiconductor structure of
FIGS. 8A-8C. In one embodiment, the patterned mask layer
67 can be a photoresist layer that 1s patterned by lithographic
exposure and development. The patterned mask layer 67
covers the drain regions 3D of the semiconductor fins (35S,
3D, 3B), and physically exposes the source regions 3S of the
semiconductor fins (3S, 3D, 3B). In one embodiment, the
edges of the openings 1n the patterned mask layer 67 can be
along the widthwise direction of the semiconductor fins (35S,
3D, 3B). In one embodiment, an edge of the patterned mask
layer 67 can overlie a gate structure (30, 52, 38) or a gate
spacer 39.

Referring to FIGS. 10A-10D, a dielectric material portion
68 1s formed within a subset of the areas of the opening 1n
the patterned mask layer 67 by an angled deposition method.
In one embodiment, the angled deposition method can be
angled gas cluster 1on beam deposition of a dielectric
material. In gas cluster 1on beam deposition, a cluster of 1ons
having a molecular weight 1n a range from 100 to 100,000
can be singly 1onized, or 1onized with a number of electrons
that does not typically exceed 10. Such clusters of 10ns can
travel at a low enough speed to prevent penetration through
a surface of a material layer. Instead, the cluster of 10ns can
be deposited on a surface.

The angle of 1incidence 1s selected to be at a non-normal
angle with respect to the top surface of the insulator layer 20.
The azimuthal angle of the tilt of the gas cluster 10n beam
can be selected such that the deposition of the dielectric
material occurs only on one of a pair of parallel sidewalls of
cach source region 3S, and does not occur on the other of the
pair of parallel sidewalls of each source region 3S. The
sidewall of each source region 3S on which deposition of the
dielectric material occurs 1s heremn referred to as a first
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sidewall of the source region 3S, and the sidewall of each
source region 3S on which deposition of the dielectric
material does not occur 1s herein referred to as a second
sidewall of the source region 3S.

The patterned mask layer 67 shades an area of the top
surface of the msulator layer 20 within each opeming 1n the
patterned mask layer 20. Thus, each dielectric material
portion 68 can have a straight edge at which the dielectric
material portion 68 borders a physically exposed top surface
of the imsulator layer 20. In one embodiment, a dielectric
material portion 68 can cover a portion of a top surface of
the trench top dielectric portion 46. In one embodiment, a
dielectric material portion 68 can contiguously extend from
a first sidewall of a source region 3S to a portion of a trench
top dielectric portion 68 located over a trench capacitor (12,
42, 44) located on the side of the second sidewall of a source
region 3S. In one embodiment, a vertical portion of a
dielectric material portion 68 can contact a sidewall of a gate
spacer 59 and a trench top dielectric portion 46 overlying a
trench capacitor located on the side of the first sidewall of
the source region 3S.

Further, each source region 3S shades another portion of
the top surface of the insulator layer 20 and a portion of each
trench top dielectric portion 46. In one embodiment, the
shape of each shaded portion of a top surface of a trench top
dielectric portion 46 can be triangular. The direction of the
clusters of 10ns during the gas cluster 10n beam deposition 1s
shown with arrows marked as “GCIB.” In one embodiment,
a source region 3S can shade a portion of a sidewall of a gate
spacer 39 from gas cluster 10ns during the angled gas cluster
ion beam deposition.

In one embodiment, the deposited dielectric material can
be silicon nitride. The thickness of each dielectric material
portion 68, as measured at the first sidewall of each source
region 3S, can be 1 a range from 3 nm to 30 nm, although
lesser and greater thicknesses can also be employed. The
dielectric material portions 68 are formed on the end walls
of the source regions 3S. As used herein, end walls of a
source region refers to the widthwise sidewall of the source
region. Each dielectric material portion 68 contacts a first
sidewall of a source region 3S, and a second sidewall of the
source region 3S 1s physically exposed after formation of the
dielectric material portions 68.

Referring to FIGS. 11A-11D, the patterned mask layer 67
1s removed, for example, by ashing. A selective epitaxy
process can be performed to deposit a semiconductor mate-
rial on physically exposed semiconductor surfaces, 1.e., the
second sidewall of each source region 3S and physically
exposed surfaces of the drain regions 3D. A raised source
region 4S5 can be formed directly on each second sidewall of
the source regions 3S, and a raised drain region 4D can be
tformed directly on each drain region 3D. Each raised source
region 45 1s epitaxially aligned to an underlying source
region 3S. Fach raised drain region 4D 1s epitaxially aligned
to an underlying drain region 3D. The lateral extent of the
raised source regions 4S and the raised drain regions 4D 1s
controlled to avoid electrical shorts thereamongst. The outer
sidewalls surfaces of the raised source regions 4S and the
raised drain regions 4D may, or may not, contact top
surfaces of the trench top dielectric portions 46, depending
on the thickness of the raised source regions 4S and the
raised drain region 4D.

Formation of the raised drain regions 4D on sidewalls of
the drain regions 3D and formation of the raised source
regions 4S5 on the second sidewalls of the source regions 3S
occur simultaneously. Thus, the raised drain regions 4D
formed on sidewalls of the drain regions 3D and the raised




US 9,735,162 B2

13

source regions 4S formed on the second sidewalls of the
source regions 3S can have the same material composition.

Referring to FIGS. 12A-12D, a planarization dielectric
layer 80 1s formed over the plurality of semiconductor fins
(3S, 3D, 3B) and the gate structures (30, 52, 58). The
planarization dielectric layer 80 can be formed, for example,
by spin-on coating or chemical vapor deposition (CVD) of
a dielectric material. The planarization dielectric layer 80
may include a single dielectric material layer, or may include
a plurality of dielectric material layers. Excess portions of
the deposited dielectric material layer can be removed from
above the horizontal plane including the top surfaces of the
gate cap dielectrics 58, for example, by chemical mechanical
planarization.

Optionally, the gate structures (50, 52, 58) may be
replaced with replacement gate structures employing meth-
ods known 1n the art. In this case, the removal of the gate
structures (50, 52) can be performed employing at least one
ctch that 1s selective to the dielectric matenial of the pla-
narization dielectric layer 80. Formation of the replacement
gate structures can be formed by depositing a gate dielectric
layer and a conductive matenial layer, and removing excess
portions of the gate dielectric layer and the conductive
material layer from above the top surface of the planariza-
tion dielectric layer 80, for example, by chemical mechani-
cal planarization (CMP).

Referring to FIGS. 13A-13D, a photoresist layer 87 1s
applied over the first exemplary semiconductor structure of
FIGS. 12A-12D, and 1s lithographically patterned to form
openings overlying each contiguous area including a raised
source region 4S5 and a neighboring deep trench capacitor
(12, 42, 44). In one embodiment, the photoresist layer 87 can
cover the drain regions 3D of the semiconductor fins (35S,
3D, 3B), and physically expose each area of the first
exemplary semiconductor structure that includes at least
portions of the raised source regions 4S that are proximal to
an outer sidewall of a gate spacer 59. In one embodiment, an
edge of an opening 1n the photoresist layer 87 can be along
the widthwise direction of the semiconductor fins (3S, 3D,
3B). In one embodiment, an edge of an opening in the
photoresist layer 87 can overlie a gate structure (50, 52, 58)
or a gate spacer 39, and another edge of the photoresist layer
87 can overlie a vertical portion of a dielectric matenal
portion 87. In one embodiment, an opening in the photore-
sist layer can have a rectangular horizontal cross-sectional
shape such that one side of the rectangular horizontal
cross-sectional shape overlies a gate structure (50, 52, 538) or
a gate spacer 39, and another side of the rectangular hori-
zontal cross-sectional shape can overlie at least one raised
source region 4S5 and/or a vertical portion of a dielectric
material portion 87.

The dielectric maternials of the planarization dielectric
layer 80, the trench top dielectric portions 46, and the
shallow trench 1solation layer 20 can be recessed within the
arcas ol the openings within the photoresist layer 87 by an
anisotropic etc. In one embodiment, the anisotropic etch can
include a first etch step that etches the dielectric material of
the planarization dielectric layer 80 selective to the semi-
conductor material of the raised source regions 4S and the
dielectric matenal of the dielectric material portions 68. The
first etch step can etch the dielectric material of the pla-
narization dielectric layer 80, and can stop at the top surfaces
of the dielectric material portions 68, which are present
above the trench top dielectric portions 46 and above the
source regions 3S. A line cavity 49 and an upper portion of
cach strap cavity 47 underlying the line cavity 49 are formed
by the first etch step within each opening 1n the photoresist
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layer 87. In one embodiment, each line cavity 49 can have
the same width throughout. The height of the bottom of each
line cavity 49 1s located within a horizontal plane including
top surtaces of the raised source regions 4S.

The anisotropic etch can further include a second etch
step that etches the horizontal portions of the dielectric
material portions 68 to physically expose the underlying top
surfaces of the trench top dielectric portions 46 ad the
underlying top surfaces of the source regions 3S. The second
etch step can be selective to the semiconductor material of
the raised source regions 45. The second etch step can end
when the underlying top surfaces of the trench top dielectric
portions 46 ad the underlying top surfaces of the source
regions 3S are physically exposed. A vertical portion of a
dielectric material portion 68 remains on each first sidewall
ol a source region 3S after the second etch step. Each strap
cavity 49 1s vertically extended by the thickness of horizon-
tal portions of the dielectric material portion 68 over the
trench top dielectric portions 46.

In one embodiment, a dielectric material portions 68 can
contiguously extend over a portion of a trench top dielectric
portion 46 overlying a trench capacitor (12, 42, 44), and can
contact another trench top dielectric portion 46 overlying
another trench capacitor (12, 42, 44). A horizontal portion of
a dielectric material portion 68 can be removed from above
a trench top dielectric portion 46 within each area of the
strap cavities 47 during the second etch step of the aniso-
tropic etch.

The anisotropic etch can further include a third etch step
that etches the dielectric materials of the trench top dielectric
portions 46 and the shallow trench 1solation layer 20 selec-
tive to the semiconductor matenials of the raised source
regions 4S5 and the source regions 3S and the dielectric
material of the dielectric material portion 68. Thus, at the
third etch step, the anisotropic etch employs the combination
of the photoresist layer 87, the dielectric material portions
68, the source regions 3S, and the raised source regions 4S
as an etch mask layer. Each strap cavity 47 can extend to the
top surface of an underlying mner electrode 44 at the end of
the third step of the anisotropic etch. In one embodiment, the
strap cavity can have a rectangular horizontal cross-sectional
shape below the height of the top surfaces of the source
regions 35S and the remaining portions of the dielectric
maternal portions 68 and above the top surfaces of the inner
clectrodes 44. Each combination of a line cavity 49 and
underlying strap cavities 47 forms an integrated cavity that
extends contiguously over a plurality of source regions 3S.
Thus, 1n the third etch step of the anisotropic etch, the trench
top dielectric portions 46 are vertically recessed to physi-
cally expose top surfaces of inner electrodes 44 of the trench
capacitors (12, 42, 44) within each area of the strap cavities
47.

In one embodiment, the shallow trench 1solation layer 20,
the trench top dielectric portions 46, and the planarization
layer 80 can include doped or undoped silicon oxide or
organosilicate glass, and the dielectric material portions 68
can include silicon nitride, and the source regions 3S and the
raised source regions 4S can include doped silicon or doped
silicon-contaiming alloys. In this case, the etch chemistry for
the various steps of the anisotropic etch can be selected to
provide suitable selectivity employing etch chemistries for
reactive 1on etch as known 1in the art.

Referring to FIGS. 14A-14D, a conductive material 1s
deposited within the strap cavities 47 (See FIG. 13C) and the
line cavities 49, and 1s vertically recessed to form conductive
strap structures 48. Specifically, the conductive material 1s
deposited to fill the strap cavities 47 and the line cavities by
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physical vapor deposition (PVD), chemical vapor deposition
(CVD), atomic layer deposition (ALD), or other deposition
methods for depositing a conductive material as known in
the art. Excess portions of the conductive matenal are
removed from above the top surfaces of the planarization
dielectric layer 80, for example, by chemical mechanical
planarization (CMP), a recess etch, or a combination thereof.
Subsequently, the portions of the conductive material filling
the line cavities 49 are removed by a recess etch that
removes the conductive material selective to the dielectric
material of the planarization dielectric layer 80. The con-
ductive material can be further recessed until the top sur-
faces of the dielectric material portions 68 are physically
exposed, and the remaining conductive material underneath
cach line cavity 49 are divided into a plurality of disjoined
conductive material portions that are laterally spaced from
cach other by combinations of a dielectric material portion
68, a source region 3S, and a raised source region 48S.

In one embodiment, the conductive material can be a
doped semiconductor material such as doped silicon or a
doped silicon-containing semiconductor alloy. In this case,
an upper portion ol each raised source region 4S can be
vertically recessed during the vertical recessing of the con-
ductive material, and the top surfaces of the dielectric
material portions 68 can be substantially coplanar with top
surfaces of source regions 35S, and raised source regions 48S,
and conductive strap structures 48. In another embodiment,
the conductive material can include a metal, an intermetallic
alloy, or a metallic compound including nitrogen and/or
carbon.

Referring to FIGS. 15A-15C, each line cavity 49 (See
FIG. 14C) 1s filled with a dielectric material to form a
dielectric fill material portion 81. The dielectric fill material
portions 81 can include a spin-on-glass (SOG) matenal, a
doped or undoped silicon oxide, silicon nitride, a porous or
non-porous organosilicate glass, or a combination thereof.
The dielectric material of the dielectric fill material portions
81 can be deposited, for example, by spin-on coating or
chemical vapor deposition. Excess portions of the deposited
dielectric material can be removed from above the top
surface of the planarization dielectric layer 80, for example,
by chemical mechanical plananzation (CMP). In one
embodiment, the line cavities 49 can have a uniform width
throughout, and the dielectric fill material portions 81 can be
line cavity fill dielectric portions, 1.e., dielectric material
portions that fill line cavities.

Via cavities can be formed over each drain region 3D, and
can be filled with a conductive material by chemical vapor
deposition or physical vapor deposition. Excess portions of
the conductive material can be removed from above the top
surtace of the planarization dielectric layer 80, for example,
by chemical mechanical planarization. Drain contact via
structures 84 are formed within the planarization dielectric
layer 80. Each drain contact via structure 84 can be 1n
physical contact with a top surface of a raised drain region
4D.

Referring to FIGS. 16A-16D), a second exemplary semi-
conductor structure according to a second embodiment of
the present disclosure can be derived from the first exem-
plary semiconductor structure of FIGS. 8 A-8C by formation
of a dielectric spacer 76L. on the sidewalls of the semicon-
ductor fins (3S, 3D, 3B) and the outer sidewalls of the gate
spacers 39. The dielectric spacers 761 can be formed by
conformal deposition of a dielectric matenial layer and a
subsequent anisotropic etch that removes horizontal portions
of the deposited dielectric material layer. The dielectric
spacers 76L. can include, for example, silicon mitride. The
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thickness of the dielectric spacers 76L can be 1n a range from
3 nm to 30 nm, although lesser and greater thicknesses can
also be employed. The dielectric spacers 76L cover the
sidewalls of the source regions 3S and the drain regions. In
one embodiment, top surfaces of the source regions 3S and
the drain regions 3D can be the only physically exposed
surfaces of the source regions 3S and the drain regions 3D.
Referring to FIGS. 17A-17D, a patterned mask layer 97 1s
formed over the second exemplary semiconductor structure
of FIGS. 16 A-16D. The patterned mask layer 97 covers each
interface between a first sidewall of a source region 3S and
a dielectric spacer 76L, while physically exposing each
interface between a second sidewall of a source region 35
and a dielectric spacer 761 and interfaces between the drain
regions 3D and the dielectric spacers 76L. Thus, a portion of
cach dielectric spacer 76L contacting the first sidewall of a
source region 3S can be masked with the patterned mask
layer 97. In one embodiment, the patterned mask layer 97
can be a lithographically patterned photoresist layer.
Structural damage 1s induced within the unmasked por-
tions of the dielectric spacers 76L by 1on implantation. The
ion 1mplantation can be performed at various angles so that
vertical portions and the horizontal portions of the dielectric
spacers 761 are damaged by the 1on implantation within all
areas 1n which the patterned mask layer 97 i1s not present.
The implanted species of 1ons can include germanium,
silicon, oxygen, and/or any other species that can cause
structural damages to the implanted portions of the dielectric
spacers 76L. The energy of the 1on implantation process can
be selected that the energy of the 1ons can reach the
bottommost portions or innermost portions of the unmasked
portions of the dielectric spacers 76L. In one embodiment,
the dielectric spacers 76L include nitrogen, and the
implanted 1ons can include germanium or oxygen.
Referring to FIGS. 18A-18D, the structurally damaged
portions of the dielectric spacers 76L. are removed by an etch
process that removes the structurally damaged portions of
the dielectric spacers 76L faster than undamaged portions of
the dielectric spacers 76L. In one embodiment, the etch rate
of the structurally damaged portions of the dielectric spacers
76L can be at least twice the etch rate of undamaged portions
of the dielectric spacers 76L.. Each remaining portion of the
dielectric spacers 76L 1s a dielectric matenal portion 76.
Each dielectric material portion contacts a first sidewall of a
source region 3S, and a second sidewall of the source region
3S that 1s parallel to the first sidewall of the source region 35
1s physically exposed after formation of the dielectric mate-
rial portions 76. The patterned mask layer 97 can be
removed prior to, or after, the etch process that removes the
structurally damaged portions of the dielectric spacers 76L.
Referring to FIGS. 19A-19D, the processing steps of
FIGS. 11A-11D are performed to form raised source regions
4S and raised drain regions 4D. A selective epitaxy process
can be performed to deposit a semiconductor material on
physically exposed semiconductor surfaces, 1.e., the second
sidewall of each source region 3S and physically exposed
surfaces of the drain regions 3D. A raised source region 4S
can be formed directly on each second sidewall of the source
regions 3S, and a raised drain region 4D can be formed
directly on each drain region 3D. Each raised source region
4S 1s epitaxially aligned to an underlying source region 3S.
Each raised drain region 4D 1s epitaxially aligned to an
underlying drain region 3D. The lateral extent of the raised
source regions 45 and the raised drain regions 4D 1s con-
trolled to avoid electrical shorts therecamongst. The outer
sidewalls surfaces of the raised source regions 4S and the
raised drain regions 4D may, or may not, contact top
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surfaces of the trench top dielectric portions 46, depending
on the thickness of the raised source regions 4S and the
raised drain region 4D.

Formation of the raised drain regions 4D on sidewalls of

18

recessing said trench top dielectric portion to physically
expose a surface of said mner electrode of said trench
capacitor.

8. The method of claim 5, wherein said forming said

the dramn regions 3D and formation of the raised source S trench capacitor comprises:

regions 45 on the second sidewalls of the source regions 3S
occur simultaneously. Thus, the raised drain regions 4D
tformed on sidewalls of the drain regions 3D and the raised
source regions 4S formed on the second sidewalls of the
source regions 3S can have the same material composition.

Referring to FIGS. 20A-20D, the processing steps of
FIGS. 12A-12D, 13A-13D, 14A-14D, and 15A-15D are
sequentially performed to form the second exemplary semi-
conductor structure.

While the disclosure has been described in terms of
specific embodiments, 1t 1s evident 1n view of the foregoing
description that numerous alternatives, modifications and
variations will be apparent to those skilled 1n the art. Each
of the embodiments described herein can be implemented
individually or in combination with any other embodiment
unless expressly stated otherwise or clearly incompatible.
Accordingly, the disclosure 1s intended to encompass all
such alternatives, modifications and variations which fall
within the scope and spirit of the disclosure and the follow-
ing claims.

What 1s claimed 1s:
1. A method of forming a semiconductor structure com-
prising;:
forming a trench capacitor in a substrate;
forming a semiconductor fin including a source region, a
drain region, and a body region laterally contacting said
source region and said drain region on said substrate;

forming a dielectric material portion contacting a first
stdewall of said source region, wherein a second side-
wall of said source region and opposite sidewalls and a
top surface of said drain region are physically exposed
alter formation of said dielectric material portion;

forming a raised source region on said second sidewall of
said source region and a raised drain region on said
opposite sidewalls and said top surface of said drain
region; and

forming a conductive strap structure on an iner electrode

of said trench capacitor and on a sidewall of said raised
source region.

2. The method of claim 1, wherein said raised drain region
1s formed simultaneously with formation of said raised
SOUrce region.

3. The method of claim 1, wherein said conductive strap
structure 1s formed directly on said sidewall of said raised
sQUrce region.

4. The method of claim 1, wherein said dielectric material
portion 1s formed by angled gas cluster 10n beam deposition
of a dielectric material.

5. The method of claim 4, further comprising:

forming a trench top dielectric portion over said inner

clectrode of said trench capacitor, wherein said dielec-
tric material portion covers a portion of a top surface of
said trench top dielectric portion and a top surface of
said source region.

6. The method of claim 5, further comprising recessing
said trench top dielectric portion employing an etch mask
that includes said dielectric material portion.

7. The method of claim 5, further comprising;:

removing horizontal portions of said dielectric material

portion from above said trench top dielectric portion
and said top surface of said source region; and
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forming a shallow trench isolation layer on said substrate

laterally surrounding the semiconductor fin;
forming a trench extending through said trench 1solation
layer and 1nto an upper portion of said substrate;

forming a buried plate 1n a portion of said substrate
surrounding said trench, wherein a bottommost surface
of said semiconductor fin 1s 1n direct physically contact
with a topmost surface of said buried plate;

forming a node dielectric on physically exposed sidewalls

and a bottom surface of said trench;

forming said nner electrode within said trench, wherein

a topmost surface of the said mner electrode 1s located
between a top surface of the said shallow ftrench
1solation layer and a bottom surface of the said shallow
trench 1solation layer; and

removing portions of said node dielectric that are not

covered by said inner electrode.

9. The method of claim 8, further comprising forming a
hard mask layer on said semiconductor fin and said shallow
trench 1solation layer prior to said forming said trench,
wherein said trench extends through said hard mask layer,
and said hard mask layer 1s removed after said forming said
trench top dielectric portion.

10. The method of claim 9, further comprising recessing
said trench top dielectric layer and said shallow trench
1solation layer to physically expose an upper portion of said
semiconductor fin, wherein said source region, said drain
region and said body region are located within said upper
portion of said semiconductor {in.

11. The method of claim 3, further comprising forming a
planarization dielectric layer on said raised source region,
said raised drain region and said dielectric material portion,
wherein said planarization dielectric layer laterally sur-
rounds said gate structure.

12. The method of claim 11, further comprising removing
a portion of said planarization dielectric layer to expose said
source region, said raised source region and said dielectric
material portion prior to said forming said conductive strap
structure.

13. The method of claim 12, further comprising forming
a dielectric fill portion on said conductive strap structure,
said source region, said raised source region and said
dielectric material portion, wherein a top surface of said
dielectric fill portion 1s coplanar with a top surface of said
planarization dielectric layer.

14. The method of claim 13, further comprising forming
a drain contact via structure extending through said pla-
narization dielectric layer to contact a top surface of said
raised drain region.

15. The method of claim 4, further comprising forming a
patterning mask layer covering said drain region of said
semiconductor fin while physically exposing said source
region prior to said forming said dielectric material portion.

16. The method of claim 4, further comprising:

forming a gate structure straddling said body region of

said semiconductor fin; and

forming a gate spacer laterally surrounding said gate

structure, wherein said source region shades a portion
of a sidewall of said gate spacer from gas cluster 10ns
during said angled gas cluster 1on beam deposition.
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17. The method of claim 1, further comprising:

depositing a dielectric spacer on sidewalls of said semi-
conductor fin;

masking a portion of said dielectric spacer contacting said
first sidewall of said source region with a patterned
mask layer;

inducing structural damage to unmasked portions of said
dielectric spacer; and

removing structurally damaged portions of said dielectric
spacer by an etch process, wherein a remaining portion
of said dielectric spacer 1s said dielectric material
portion.

18. The method of claim 17, further comprising;

forming a trench top dielectric portion over said trench
capacitor; and

recessing said trench top dielectric portion by an aniso-
tropic etch employing said dielectric material portion
and said raised source region as an etch mask.

19. The method of claim 17, wherein said raised source

region 1s also formed on a top surface of said source region.
20. The method of claim 17, wherein said structural
damage 1s induced by 10n implantation.
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